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Abstract: The emergence from anesthesia is the stage of general anesthesia featuring the
patient’s progression from the unconsciousness status to wakefulness and restoration of
consciousness. This complex process has precise neurobiology which differs from that of
induction. Despite the medications commonly used in anesthesia allow recovery in a few
minutes, a delay in waking up from anesthesia, called delayed emergence, may occur. This
phenomenon is associated with delays in the operating room, and an overall increase in costs.
Together with the emergence delirium, the phenomenon represents a manifestation of
inadequate emergence. Nevertheless, in delayed emergence, the transition from unconscious-
ness to complete wakefulness usually occurs along a normal trajectory, although slowed
down. On the other hand, this awakening trajectory could proceed abnormally, possibly
culminating in the manifestation of emergence delirium. Clinically, delayed emergence often
represents a challenge for clinicians who must make an accurate diagnosis of the underlying
cause to quickly establish appropriate therapy. This paper aimed at presenting an update on
the phenomenon, analyzing its causes. Diagnostic and therapeutic strategies are addressed.
Finally, therapeutic perspectives on the “active awakening” are reported.

Keywords: general anesthesia, anesthesia emergence, delayed emergence, emergence
delirium

Introduction
According to the World Health Organization (WHO) Global Health Estimate, tens
of millions of patients undergo general anesthesia (GA) worldwide, each year.'
Interestingly, despite a wealth of studies on the subject, we still do not have a clear
picture of the neurobiological mechanisms basis of GA. This fascinating puzzle,
however, is gradually being completed. We begin to understand, for example, that
induction and emergence (anesthesia emergence, AE) are non-mirror processes.” *
The ending stage of GA characterized by the progression from the patient’s
unconsciousness status to complete wakefulness and restoration of consciousness
(RoC) has precise neurobiology which largely differs from that of the induction
phase.”” In practical terms, knowledge of the impact of pharmacological factors
such as general anesthetics, neuromuscular blocking agents (NMBAs), opioids, or
non-pharmacological conditions such as hydroelectrolytic alterations, hypothermia,
on AE processes could help in understanding, preventing, and managing the multi-
ple complications that can occur at this stage.

On these premises, this paper is aimed at presenting a brief update on the neuro-
biological mechanisms underlying the AE phase. Among the potential complications
that can occur during this phase, particular attention is paid to the phenomenon of the
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delayed awakening, analyzing its causes, and addressing
diagnostic and therapeutic strategies. Moreover, therapeutic
perspectives, and the ongoing research designed for estab-
lishing the possibility of accelerating awakening from
anesthesia, are discussed.

Mechanisms of Anesthesia

Emergence

On the molecular level, the effect of general anesthetics is
achieved through their action on different types of recep-
tors including gamma-aminobutyric  acid  type
A (GABA,) receptors, N-methyl D-aspartate (NMDA)
receptors, 02 receptors, and other receptors such as opioid
receptors as well as ion channel anesthetic targets such as
members of the neuronal hyperpolarization-activated cyc-
lic nucleotide-gated (HCN) family channels and two-pore
domain potassium (K2P) channels. Functionally, the drug-
receptor interaction leads to several changes in cortical
and subcortical signals, inducing alterations in the con-
nectivity across brain regions. Complex mechanisms
underlie alterations of cortico-cortical and cortical-
subcortical functional connectivity. The different general
different
expressed as different functional alterations in brain con-

anesthetics  activate molecular  patterns,
nectivity and different electrophysiological correlates.
Volatile agents, for instance, interfere with frontal-
posterior connectivity and this effect reverberates on the
gamma (20—60 Hz) oscillations which have a pivotal role
in arousal and maintenance of consciousness.® Again,
propofol provokes a quick anteriorization of alpha
rhythms (8-12 Hz) and promotes the propagations of
slow-delta oscillations across the cortex, inducing
a functional disruption of the connectivity between dis-
tinct cortical areas. Yet, dexmedetomidine impairs the
thalamo-cortical functional connectivity mostly expressed
as spindle waves (12—-16 Hz) in the frontal area.” The
matter is extremely complex, as alterations in connectivity
within distinct brain regions lead to different depths of
anesthesia. Thus, changes in thalamic-cortical connectiv-
ity lead to the induction of the loss of consciousness
(LoC) whereas changes in the cortico-cortical functional
connectivity and a further impact on cortico-subcortical
functioning induce the completion of the induction
mechanism and the maintaining of the surgical anesthesia
status.

During the AE phase, mechanisms responsible for LoC

and anesthesia maintenance are gradually reversed.

Nevertheless, these “passive” processes are associated with
specific awakening mechanisms. Of note, these active pro-
cesses include several ascending arousal brain pathways
where the thalamus plays a key role.'® Apart from the
thalamus, other arousal-promoting brain regions such as
the substantia nigra, the ventral and laterodorsal tegmental
areas of the midbrain, the dorsal raphe, and the locus cer-
uleus (LC) as well as the basal forebrain (BF), and lateral
hypothalamus are involved. Thus, it has been postulated the
existence of a mesencephalic arousal pathway.

The hypothalamus is also implicated in these wake-
promoting processes. Orexin also known as hypocretin, is
an  endogenous  wakefulness-promoting  substance.
Hypothalamic orexinergic neurons are involved in both
and maintenance of

the sleep-to-wake transition

wakefulness.'" This orexinergic system is functionally
connected with other structures such as basal ganglia that
during the AE.

Interestingly, serotonergic neurons in the dorsal raphe

regulate the awakening processes
nucleus receive projections from orexinergic neurons, con-
curring in sleep-wakefulness modulation.'?

Among these complex arousal networks, there are the LC
norepinephrine (LCNE) system and posterior hypothalamic
histaminergic tuberomammillary nuclei (TMN). In particular,
the LCNE is the main structure of the so-called LCNE arousal
system which includes the posterior cingulate cortex, thala-
mus, and basal ganglia. Another arousal pathway is the brain-
stem ascending reticular arousal system (ventral and dorsal
pathways) which originates from the pontine/midbrain
regions and develops cholinergic cortical projections through
interactions with the thalamus, hypothalamus, and the BF
region. In summary, i) AE is not just a passive process due
to a cessation of the action of general anesthetics; ii) the
arousal mechanisms at the end of GA are produced by struc-
tures deeper in the brain, rather than being activated within the
neocortex; iii) rather than a single awakening system, it is
more correct to refer to an arousal network. It is composed by
the cholinergic basal forebrain, dopaminergic ventral tegmen-
tal area, anterior cingulate cortex, orexinergic hypothalamic,
serotonergic raphe, LCNE, and histaminergic TMN neurons.

Emergence Complications and

Inadequate Emergence

The emergence complications are potentially manifold.
They are mostly due to a rising sympathetic tone during
this anesthesia stage or by issues concerning airway tone
and reflexes.

These complications may encompass
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coughing and potential intracranial and/or intraocular pres-
sures raise, respiratory accidents such as laryngospasm and
subsequent oxygenation issues, as well as hemodynamic
instability with changes in blood pressure and heart
rhythm. Hypertension can lead to bleeding complications
that may require urgent new surgery (eg, in neurosurgical
setting). Furthermore, up to 20% of GA awareness with
recall episodes are attributable to the awakening phase of
GA."

Moreover, emergence complications can manifest as
inadequate emergence. This term refers to an alteration
of consciousness activity in the first postoperative period.
There are two subtypes of inadequate emergence:

¢ Emergence delirium
e Delayed emergence

The emergence delirium (ED), also termed as emergence
agitation or emergence excitement, is characterized by
agitation, restlessness, and hyperactivity during the transi-
tion from unconsciousness to complete wakefulness. It is
a well-known phenomenon in pediatric anesthesia with an
estimated incidence of 50-80% in children'* but can occur
also in adults, in approximately 6% of GA.'®> Although it
is often confused with the hyperactive postoperative delir-
ium, this latter occurs after a “lucid interval” from an
emergence without cognitive alterations. On the contrary,
in the ED the agitation is already present in the RoC phase.
The potential association between ED and hyperactive
postoperative delirium must be better investigated.'®

The other form of inadequate emergence is the delayed
emergence (DE) from anesthesia, also termed as hypoac-
tive emergence; the term emergence somnolence is less
used. Despite the majority of patients exhaustively respond
to stimulation within 60 minutes from the last administra-
tion of the anesthetic agents, numerous factors can delay
the awakening processes. On these bases, the DE is
defined as the inability to regain an adequate level of
consciousness, remaining the patient unresponsive or dee-
ply sedated, 30-60 minutes after the end of GA.'”'®
Concerning the magnitude of the phenomenon, despite
previous investigations indicated an incidence of DE of
about 9%,'® to date it is not possible to refer to definitive
data on its real incidence.

The two subtypes of inadequate emergence must neces-
sarily be distinct. In the case of delayed awakening, indeed,
the transition from unconsciousness to complete wakeful-
ness usually occurs along a normal trajectory, although

slowed down. On the other hand, this awakening trajectory
could proceed abnormally, possibly culminating in ED.

Clinical Features and Assessment of

Delayed Emergence

This manifestation of inadequate emergence is not an uncom-
mon complication of anesthesia and often represents
a challenge for clinicians who must make an accurate diag-
nosis of the underlying cause to quickly establish appropriate
therapy. Moreover, although this condition is benign in most
cases, rarely delayed awakening may be due to more serious
causes such as stroke or anoxic-ischemic brain injury or other
neurologic or no-neurologic diseases.

Clinically, DE presents with an altered mental state
featuring sedation, lack of initiative, and lack of adequate
response to stimuli. It is often associated with respiratory
complications, and a lack of protective airway reflexes
with an increased risk of aspiration.'” Depression of con-
sciousness can be associated with hypoventilation that, in
turn, can lead to progressive acidemia and hypoxia.
Moreover, the reduced tone of the pharyngeal and laryn-
geal structures can lead to an increase in the resistance of
the airways with the triggering of obstructive phenomena.

A clinical approach is particularly useful for identifying
possible causes. Since there is no dedicated tool for monitor-
ing recovery after anesthesia, the clinical assessment is car-
ried out by referring to the scales commonly adopted for
evaluating the state of consciousness in various contexts.
To obtain a rapid and reproducible measure of the depth of
consciousness, the Glasgow Coma Scale (GCS) is largely
used. Although GCS has been developed for the evaluation
and prediction of outcomes in traumatic brain injuries, it
represents a practical method for assessing the state of con-
sciousness in other settings as well. The GCS calculates the
verbal, movement, and visual responses to stimulation. By
translating the information provided by the tool into the
context of the AE, a GCS < 8 defines a very slow awakening
phase and an unconscious patient; on the other hand, a score
> 12 is suggestive of awakening. Other scales used for this
purpose are the Richmond Agitation-Sedation Scale (RASS)
and the Nursing Delirium Screening Scale (Nu-DESC); the
latter is suitable for exploring both forms of inadequate
emergence, ED and DE.*°

Causes of Delayed Emergence
In most cases, a delayed awakening from anesthesia can
be attributed to the residual action of one or more
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anesthetic agents and adjuvants used in the peri-operative
period. The list of potentially implicated drugs includes
benzodiazepines (BDZs), propofol, opioids, NMBAs, and
adjuvants. The prolonged effect of these drugs can be
linked to dosage errors or metabolic deficits or other
causes. Particular conditions may alter the pharmacolo-
gical action, even in the absence of a posological error.
These conditions must be necessarily considered in the
diagnostic process because most of them are progressive
and life-threatening if not promptly treated.
Hypothermia, hypoglycemia, severe hyperglycemia, elec-
trolyte imbalances such as hypernatremia, and hypona-
tremia in the peri-operative period can influence the AE
lasting. Patient-related factors, such as the use of CNS
drugs, severe hypothyroidism, liver disease, hypoalbumi-
nemia, kidney diseases such as uremia are also involved.
An inappropriate ventilation technique may involve
hyperventilation/hypoventilation with an impact on
recovery times through hypocapnia and cerebral vaso-
constriction (hyperventilation) or CO, narcosis (hypo-
ventilation).  Finally, surgical or neurological
complications such as intraoperative cerebral hypoxia,
hemorrhage, embolism or thrombosis have been
described.?!

Following an attempt to catalog the multiple causes
of the complication, pharmacokinetic (PK) conditions
(drug disposition) can be distinguished from pharmaco-
dynamic (PD) causes (drug sensitivity). Other causes of
DE are linked to metabolic alterations or to rare neuro-
logical and psychiatric conditions (Table 1). This pro-
posed nosographic approach has only an exemplary
purpose, since, several factors may be simultaneously
present, such as an excessive dosage of drugs associated
with a metabolic deficit. Further, specific conditions
such as age can influence both the pharmacological
activity (PD) and the PK processes. Again, the duration
of surgery can prolong the awakening from anesthesia
by impacting on several factors such as drug accumula-
tion and hypothermia. Finally, because anesthesia is
achieved through a combination of drugs, and these
drugs, in addition to interacting with each other, can
interfere with other drugs taken by the patient, drug
interference is an important cause of ED. Of note,
these drug interactions can concern both PK, in terms
of interferences in one of the different stages (absorp-
tion, transport, metabolism, excretion), and PD through

synergism, summation, and potentiation phenomena.

Table | Causes of Delayed Emergence from Anesthesia

Pharmacokinetic Inappropriate dose (absolute or relative)

causes Impaired transport/distribution
Impaired metabolism (liver failure
hypothyroidism)

Impaired elimination (renal failure)
Duration of surgery

Drug interaction

Pharmacodynamic Genetic variations

causes Hypothermia

Drug interaction

Metabolic alterations | Hypoglycemia
Hyperglycemia
Hyponatremia
Hypernatremia

Acidosis

Neurological rare Hypoperfusion/ischemia

causes Intracranial hemorrhage
Thrombosis

Central anticholinergic syndrome

Psychiatric rare Conversion disorder

causes

Pharmacokinetic Causes

In accordance with the principles of PK, once the admin-
istration of a drug has ceased, its residual effects are
influenced by a series of factors relating to dose, metabo-
lism, blood transport, distribution, and excretion.

The inappropriate dose of drugs represents one of the
main causes of delayed awakening from AG. An improper
dosage may be due to a malfunction of devices that deliver
drugs or to a calculation error. A special issue concerns the
body weight. Because a relative drug overdose is common
in obese patients who receive a dosage of anesthetic agents
based on real weight, the optimal dose for most medica-
tions used under anesthesia should be calculated on the
lean body weight.

Different conditions can alter the metabolism and elim-
ination of drugs and contribute to DE such as liver or
kidney failure. In these patients, the reduced drug metabo-
lism or a reduced clearance leads to an increased duration
of action. Moreover, renal failure can impair the protein
binding through alteration of the acid-base status. Severe
hypothyroidism or can also reduce drug metabolism. The
drug interactions between different anesthetic agents used
or between anesthesia drugs and medicaments used for
chronic pathologies, should be better known. For example,
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because midazolam is metabolized by the same P450 iso-
enzyme as alfentanil, the simultaneous administration of
the two medications prolongs the duration of the pharma-
cological effects of both.>? A case of lengthened recovery
from GA due to gabapentin/ketamine interaction was also
reported.”

A reduced volume of distribution and plasma protein
binding leads to an increased drug-free plasma concentra-
tion with an enhancement of the drug effect. This aspect is
very important in fragile patients with hypoalbuminemia.

Hypothermia is frequently encountered under anesthe-
sia. It reduces the metabolism and elimination of drugs and
enhances the effects of anesthetics. The affinity of hemo-
globin for oxygen increases because hypothermia affects
both the dissociation of pH and oxygen, contributing to
poor tissue oxygenation.

The lowering of body temperatures in the awakening
phase increases oxygen consumption leading to an
increase in lactate levels. In addition, the reduced perfu-
sion and metabolism of the drugs increase the duration of
the action of sedatives, hypnotics, and some neuromuscu-
lar relaxants. In particular, an internal temperature of <33 °©
C also reduces the minimum alveolar concentration
(MAC) value of the inhalation agents. The MAC decreases
from 5% to 7% for each °C decrease in internal tempera-
ture, enhancing sedation, and lengthening the recovery
time.”* Hypothermia can also induce direct CNS activity
depression.

Pharmacodynamic Causes
The pharmacodynamic effects of general anesthetics and
drugs used in anesthesia are generally influenced by the
patient’s age. Geriatric patients show increased sensitivity
to general anesthetics, opioids, and BDZs due to the pro-
gressive decline in brain functioning. Knowledge of this
concept must necessarily entail a dosage adjustment of the
drugs used for anesthesia. For example, the opioid dosage
should be reduced by almost 50% in geriatric patients.”
The effects on recovery time from anesthesia in the
elderly are not always related to the dose. For instance,
Fredman et al*® evaluated the effect of several doses of
midazolam in elderly patients undergoing short urologi-
cal interventions and demonstrated that midazolam sig-
nificantly depressed mental function and delayed
awakening and discharge from post-anesthesia care unit
(PACU) regardless of dose. Regarding other factors
potentially involved, a debated argument concerns the
gender difference in sensitivity to anesthetics. Buchanan

et al’’ showed that women have less sensitivity to the
hypnotic action of anesthetics with, in turn, faster recov-
ery than men. Again, emergence times were faster in
premenopausal women than in postmenopausal ones.
Other studies illustrated that women have an increased
sensitivity to the non-depolarizing NMBAs whereas
males seem to be more sensitive than females to
propofol.?® Yet, compared to males, females seem to be
more sensitive to opioid receptor agonists. Nevertheless,
the question is still clearly to be explained and requires
further investigation.

Another issue regards the factors related to the anes-
thetic drugs and adjuvants used. The pharmacological
effect is linked to the type of drug used and the combina-
tion of agents in different clinical contexts. Concerning
BDZs, while these drugs are commonly used both in
premedication and for the induction of AG, the CNS
depressing effect, also in terms of duration, is often under-
estimated. By using BDZ, the effects of propofol are
enhanced because both classes of medications act on the
gamma-aminobutyric acid (GABA) pathway. Particular
attention must be paid in the use of high and repeated
doses of BDZs, especially in relation to the duration of the
intervention. For instance, although the maximum effect of
midazolam occurs in approximately 5 to 10 minutes, it has
an elimination half-life of 1.5 to 2.5 hours, with an
increase for subsequent doses. Elderly patients are very
sensitive and are at a higher risk of overdose problems.
Moreover, these drugs, especially when administered with
high-dose opioids, can manifest a conspicuous action on
respiratory depression, inducing hypercapnia, and delayed
awakening. Finally, an overlooked aspect concerns
patients who take BDZs on chronic therapy. In this regard,
Maeda et al'® proved that chronic BDZ therapy represents
an independent predictor of DE.

Propofol has a rapid distribution half-life which leads
to rapid awakening from a bolus dose of approximately
8—10 minutes. However, the sensitive half-life — the time
needed to reduce the concentration of 50% of the medica-
tion at the site of the effect — is dependent on the duration
of the infusion. Therefore, the duration of the effect is
influenced by the context-sensitive half-life, the amount
of drug administered, and the co-administration of other
drugs. Target controlled infusion (TCI) systems allow cal-
culating the recovery times of anesthesia when this anes-
thetic is given by continuous infusion. However, many

variables such as hypothermia can alter calculations and
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there seems to be no difference between TCI and conven-
tional continuous infusion rates on emergence times.

In the case of propofol administration, less predictable
variables are patient-related factors. Genetic variations of
the enzymes that metabolize propofol, although rare, can

1?° have

be a causative factor in DE. Yonekura et a
explored the influence of the genetic polymorphisms of
the main enzymes that metabolize propofol — cytochrome
P450 2B6 (CYP2B6)

glucuronosyl transferase 1A9 (UGT1A9) — in a patient

and uridine 5'-diphospho-
who had delayed awakening from propofol (from 70 min-
utes to 3 hours) twice over 2 years. The authors excluded
other potential causes and, finally, the genetic analysis
confirmed the presence of the variant CYP2B6 516 G/T
and UGT1A9 1399 C/C, of the enzymes CYP2B6 (respon-
sible for the hydroxylation of propofol) and UGT1A9
(which catalyzes the glucuronidation of propofol) both
involved in propofol metabolism. In particular, CYP2B6
and UGT1A9 are highly polymorphic genes and specific
gene variants can reduce the enzymatic activity and, con-
sequently, the degradation of propofol, prolonging the

1.3° Genetic variations

plasma concentrations of propofo
in propofol metabolism should be addressed in patients
with incomprehensible DE.

In the case of volatile anesthetic agents, AE depends on
the pulmonary elimination of the drug and the MAC-
awake. This parameter represents the anesthetic concentra-
tion associated with suppression of the response to verbal
command in 50% of the patients when volatile concentra-
tion decreases during the AE. Interestingly, for each vola-
tile agent, the ratio MAC-awake/MAC can be used for
describing the AE: with a ratio approaching 1, the patient
will have faster recovery times.’! During the administra-
tion of an inhaled agent, after a short period of equili-
brium, the MAC directly represents the partial pressure of
the anesthetics in the CNS and is independent of the
uptake and distribution of the agent in other tissues.
According to the pharmacokinetics of halogenates, the
awakening time is precisely correlated to alveolar ventila-
tion and inversely associated with the solubility of gases in
the blood. Consequently, alveolar hypoventilation length-
ens the time taken to exhale the anesthetic and delays the
emergency. Moreover, other factors can influence the
potency of inhalation anesthetics. For instance, the MAC
value decreases with the increasing age of the subject.

Not all halogenated have the same profile as the use of
an agent with low blood solubility causes a faster AE. For
example, an old comparative study showed that mean

times (with 95% confidence interval) from discontinuation
of anesthesia administration to the opening of eyes were
8.2 min for sevoflurane (blood solubility of 0.69) and 11.5
min for isoflurane (blood solubility of 1.46).>?

Furthermore, the time required for the emergence
increases as the duration of the anesthesia increases (ie it
increases the context-sensitive half-life, due to the absorp-
tion of the tissues). In the case of desflurane, the AE
timing seems to be independent of the anesthesia duration
if it lasts less than four hours.>> Nevertheless, MAC-awake
does not change. Theoretically, indeed, once a patient has
emerged from anesthesia performed by volatile agents, it is
unlikely that he/she may present a loss of consciousness
again due to anesthetic action solely. On the other hand,
from a practical point of view, loss of responsiveness after
emergence from a volatile anesthetic due to hypoventila-
tion-induced hypercapnia can occur, although rarely.

Opioids produce analgesia, sedation but also respira-
tory depression, reducing the sensitivity of the brain stem
chemoreceptors to carbon dioxide. The effect may result in
hypercapnia and delayed awakening, although it varies
from subject to subject and is influenced by the concomi-
tant administration of other anesthetic drugs. Respiratory
depression responds quickly to opioid antagonists.
However, when a short-acting antagonist such as naloxone
is administered, the patient should be carefully monitored
for the possible recurrence of respiratory depression.

The unrecognized residual neuromuscular block at the
end of anesthesia, due to the failure or incorrect use of
neuromuscular monitoring, in addition to lengthening the
recovery times from anesthesia, represents the main cause
of awareness in the awakening phase.'® Residual neuro-
muscular block can give the appearance of DE in
a completely conscious patient. Nevertheless, residual
effects of NMBAs can cause hypoventilation that leads
to hypoxemia and/or hypercapnia, which can further
exacerbate sedation. Again, non-PD conditions can inter-
fere with drug activity. Electrolyte disturbances, for exam-
ple, cause cell wall hyperpolarization and prolonged
blockage while acidosis gives protons to the tertiary
amines, increasing the affinity of the receptors. Other
factors can interfere with the PK of these drugs.
Hypothermia, for example, reduces their metabolism.
Again, butyrylcholinesterase (BChE) gene polymers pro-
long the blockade produced by succinylcholine and miva-
curium, reducing their metabolism.>* There are acquired
enzyme deficiency forms due to substances and drugs such
as methylxanthines (eg, caffeine, theophylline), quinidine,
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barbiturates, opioids (eg, morphine, and codeine), atro-
pine, epinephrine, phenothiazines, vitamins (eg, folic
acid, and vitamin K). Finally, increasing age, pregnancy,
severe liver disease, and burn injuries can reduce BChE
activity.

Other drugs used during anesthesia, such as clonidine,
could lead to ED. However, the evidence is scarce, as only
care reports are described in the literature.®> Again, dex-
medetomidine could lengthen recovery times from GA
especially when given in addition to propofol.*®
Concerning the chronic pharmacotherapy, apart from
BDZs, other CNS drugs such as barbiturates, anticholiner-
gics, antidepressants, antipsychotics, can be associated
with delayed recovery of consciousness after anesthesia.
Finally, Makarem et al proved that preoperative drug or
alcohol abuse can be associated with a higher risk of DE.*’

Metabolic Alterations

Hypoglycemia is one of the most feared complications
found in diabetic patients undergoing surgery.38 Because
GA masks cognitive dysfunction and the clinical signs of
hypoglycemia such as diaphoresis and tachycardia, severe
and prolonged hypoglycemia can have serious brain
effects. Although hypoglycemia can provoke DE mostly
in individuals with a history of poorly controlled diabetes,
starvation, or alcohol consumption, the occurrence of
hypoglycemia-related DE has been also reported in non-
diabetic patients.*

Even severe hyperglycemia can prolong the time of
awakening from anesthesia. It causes osmotic diuresis
and dehydration. The consequences of dehydration vary
from drowsiness to acidosis. Moreover, blood hyperosmol-
ality and hyperviscosity predispose to thrombosis and cer-
ebral edema.

Although mild hyponatremia is generally asympto-
matic, a serum sodium concentration <120 mEq/L causes
confusion and irritability. Preoperative hyponatremia
(sodium level <135 mEq/L) is associated with a higher
risk of perioperative major coronary events and 30-day
mortality.** Serum sodium concentration <110 mEq/L
leads to seizures, coma, and a rise in mortality. The causes
of intraoperative hyponatremia are manifold. Inappropriate
antidiuretic hormone secretion (SIADH) can result from
brain trauma, subarachnoid hemorrhage, and drug admin-
(eg,
Hyponatremia may be secondary in the patient with brain

istration opioids,  haloperidol,  vasopressin).

injury and prolonged use of mannitol. Fluid overload and
hyponatremia with hypo-osmolarity can develop when

extensive volumes of irrigation fluid such as glycine solu-
tion are absorbed by open venous sinuses during transur-
ethral resection of the prostate with the potential
occurrence of pulmonary edema, and cerebral edema (e,
TURP syndrome). Under anesthesia, hyponatremia delays
emergence through the development of cerebral edema and
uncompensated plasma osmotic changes.

Hypernatremia (sodium levels > 145 mEq/L) can be
caused by a fluid volume deficit, disproportionate sodium
intake, kidney failure, or other diseases. Severe hyperna-
tremia (sodium levels > 152 mEq/L) is less likely to
develop in the postoperative period. Clinically, excess
sodium causes cellular dehydration with brain dehydra-
tion. Symptoms include thirst, drowsiness, confusion, and
coma.

Hypocalcemia, severe hypercalcemia, and hypermag-
nesemia are further potential metabolic alterations capable
of inducing CNS depression.

Neurological and Psychiatric Rare Causes
Prolonged hypoxemia periods can lead to hypoxic damage
of varying magnitude. Ischemic episodes are often the
result of failing brain perfusion secondary to low mean
self-
regulation mechanisms (between 60 and 160 mmHg

arterial pressure (MAP) which escapes brain
MAP). Of note, carotid surgery and seated operations
present a high risk of hypoperfusion. In addition to
damage from hypoperfusion/ischemia, intracranial hemor-
rhage, thrombosis or cerebral infarction can occur in asso-
ciation with intraoperative arrhythmias (eg, cerebral
thromboembolism due to atrial fibrillation or flutter), or
with severe changes in blood pressure in terms of hypo or
hypertension.

Central anticholinergic syndrome is a rare syndrome
precipitated by drugs or substances that increase the
release of serotonin (levodopa, and carbidopa-levodopa
association, amphetamines and derivatives, cocaine),
impair its reuptake (selective serotonin reuptake inhibitors,
serotonin-norepinephrine reuptake inhibitors, tricyclic
antidepressants, valproate, carbamazepine, methadone,
meperidine, tramadol, pentazocine, metoclopramide,
St. John’s wort), increased sensitivity of postsynaptic
receptors (lithium), or act as direct serotonin agonists
(triptans, lysergic acid diethylamide). Atropine, scopola-
mine, and antihistamines (promethazine) can also be
implicated. Furthermore, Cohen et al*' described a case
of a 32-year-old woman sedated (2 mg of midazolam and

30 mg of propofol) for a minor surgery who developed the
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syndrome and DE and was successfully treated with 2 mg
of physostigmine. In brief, the syndrome is believed to be
due to a decrease in inhibitory anticholinergic activity in
the brain and usually manifests when 2 or more serotoner-
gic drugs are used simultaneously. Symptoms and signs
are confusion, agitation, hallucinations, dilated pupils, and
peripheral anticholinergic effects such as tachycardia,
blurred vision, dry mouth, diaphoresis, and urinary reten-
tion. Severe forms are characterized by muscle rigidity,
hyperthermia and multi-organ failure. Delayed awakening
from anesthesia is possible. Of note, the symptoms are
quickly reversed by physostigmine but can reappear
when its effect stops; thus, multiple doses may be required.
Local anesthetics used for subarachnoid anesthesia, or
through the epidural route, can be distributed intracra-
nially, causing a series of complications ranging from
seizures to cardiovascular depression to cardiac arrest.
A delay in recovery from anesthesia with drowsiness and
numbness, up to a manifest state of coma, can occur.*?
In very rare cases the delay in awakening is not attri-
butable to organic conditions, being an expression of psy-
chiatric manifestations such as conversion disorder which
manifests with neurological symptoms (eg, paralysis),
despite the absence of an obvious organic cause.*

Operational Strategies

Given the difficulty of estimating the true incidence and
the multiple etiologies of the DE, prevention by means of
accurate intra-operative monitoring systems, combined
with an appropriate operational strategy such as prevention
of hypothermia, is fundamental. Regarding intraoperative
monitoring, neuromuscular monitoring (quantitative >
qualitative) is of paramount importance whereas brain
monitoring of anesthesia through processed EEG-based
devices can be particularly useful in the awakening
phase, although a difficult to quantify disturbance presum-
ably produced by sub-cortical sleep-wake cycle regulating
systems can affect their reliability during AE*

The therapeutic interventions include, first of all, the
control of mechanical ventilation (to evaluate the end-tidal
CO, levels) if the patient is still intubated, oxygenation,
and hemodynamic stability (ABC check) (Figure 1).
Verification of the patient’s body temperature must neces-
sarily be included in this first assessment.

A physical exam is also mandatory. It is aimed at
evaluating the features of spontaneous ventilation,
patient’s pupil size (although several medications may
induced

affect pupillary reactions), spontaneous or

movements, presence or absence of reflexes (cough and
gag reflexes), and response to external stimuli such as
verbal input, and tactile stimulation. The neurological
examination may show decerebration or decortication, or
focal signs due to regional ischemia.

At the same time, it is necessary to reassess the med-
ical history, examining the medical record and all the
information that may be useful such as drugs, timing,
and interaction. In this context, potential risk factors such
as older age, body habitus (obese and underweight
patients), history of hypertension, preexisting psychologi-
cal disorders,?” or neurologic conditions such as seizures
or cerebral vascular disorders or rare neurologic disorders
(eg, idiopathic hypersomnia) must be evaluated. This rapid
check must include preexisting cardiac and pulmonary
disease, renal or hepatic disease (eg, cirrhosis-induced
hepatic encephalopathy), subclinical or clinical hypothyr-
oidism, daily medication with BDZs and/or barbiturates,
other CNS drugs as well as substance dependence, and
metabolic alterations. Perioperative use of herbal medica-
tions — not discontinued 2 to 3 weeks prior to surgery —
such as St. John’s wort, valerian root, and kava kava
should be investigated.

The anesthesia record must be reviewed. In particular,
the intraoperative administration of drugs (eg, opioids),
general anesthetics administration, and any unexpected
intraoperative event must be evaluated. It should be con-
sidered that males are probably more likely to have pro-
longed awakening as women have faster recovery times
than men.?” (Table 2).

The airway protection is mandatory and the assessment
of the state of consciousness can be carried out with tools
such as the GCS.

If the problem has not been resolved, the use of antago-
nist drugs such as naloxone (eg,0.04 mg IV q 2 mins, up to
2mg), flumazenil (eg, 0.2-1 mg IV q 1 min, up to lmg),
neostigmine (or physostigmine 0.5 to 1 mg IV) or sugam-
madex, this latter for the reversal of the residual neuro-
muscular block from rocuronium, should be considered. In
the case of residual blockage, it is advisable to continue
sedation and supportive therapy for the period of time
necessary to eliminate the blockage. When anesthesia
was performed through a continuous infusion of propofol,
it is appropriate to check the correctness of the infusion
plan. Thiamine (100 mg IV) can be used for the manage-
ment of alcohol withdrawal.

Although in most cases the complication is solved in
this step, the problem can still persist. Other potential
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Delayed ABC check:
Ventilation
Emergence Oxygenation Problem
Blood Pressure solved
ECG
Temperature
Protect
airway and l NOT solved
Assess GCS
Drug Reversal
REVIEW the -
history *  Flumazenil Droblei
* Naloxone solced
Assess: * Neostigmine/
drugs, Physiostigmine /
timing, Sugammadex
interaction NOT solved
v
Assess:
* Blood glucose bl
* Electrolytes solved
* Arterial blood
gas analysis
¢ NOT solved
Consider NEUROLOGICAL CAUSES i Diagnostic E
(assess neurological signs) 5 tests (CT) E
L -

Figure | Algorithm for delayed emergence management. In the case of delayed awakening, it is advisable to protect the airways and evaluate the level of consciousness (with
any associated neurological signs). At the same time, it is necessary to begin to evaluate (and correct) the possible causes. In succession the most frequent causes must be
checked (eg, dosage error, or residual effect of drugs). When no cause is clearly identifiable, it is appropriate to decide to carry out further diagnostic tests (eg CT scan).

Legend: GCS, Glasgow Coma Scale; CT, Computed Tomography.

causes, referring to metabolic issues, must be searched. In
this regard, a sample for acid-base balance can offer
important information, guiding the most appropriate treat-
ment. In very rare cases the problem can persist and the
rarest possible causes such as neurologic conditions must
be examined. At this stage, it is appropriate to decide to
carry out further diagnostic tests and the patient should be
transported for urgent computed tomography.

Perspectives

The emergence from the GA is commonly considered as
a slow and passive process in which, at the end of the surgery,
the administration of intravenous and/or inhalation anesthetic
drugs is suspended and this determines the RoC. Recent studies
suggest that induction and awakening are asymmetric

processes.*”” In fact, the neural circuits that mediate induction
do not completely overlap those that mediate the AE. The
better understanding of these two processes has allowed
researchers to start new studies focused on the actively induced
transition from unconsciousness to awakening. Although data
are not conclusive, the prospects seem to be interesting.
Methylphenidate is a dopamine uptake inhibitor tested
for this aim. Preclinical studies in rats have shown that it can
induce awakening from GA during a continuous TCI of
propofol.** A randomized clinical trial (RCT) was con-
ducted Ohio State University (NCT02327195).
Methylphenidate (20 mg orally, 2 hours prior to surgery)

at

was compared to placebo in adults undergoing isoflurane
anesthesia. Although the recruitment status of this investiga-
tion is indicated as completed (n = 54), to date the results
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Table 2 Risk Factors for Delayed Emergence from Anesthesia

Patients conditions Older age
Body habitus

Male gender ?

Preexisting clinical conditions | Psychological disorders
Neurologic conditions
Cardiac diseases

Blood hypertension
Pulmonary diseases
Renal impairment
Liver diseases
Hypothyroidism

Drug or alcohol abuse

Metabolic alterations

Chronic pharmacotherapy Benzodiazepines
Barbiturates
Anticholinergics
Antidepressants
Antipsychotics

Herbal medications

Intraoperative conditions Drugs (eg, opioids)
Metabolic alterations

(intraoperative)

have not been published. Another RCT was conducted at
Massachusetts General Hospital (NCT02051452). Patients
were randomized to receive methylphenidate (n = 16) or
placebo (n = 16). The study is listed as finished and we are
waiting for published data. Another clinical study was
scheduled to evaluate the drug in healthy volunteers, but it
was closed prematurely (NCT02429076).

Another medication is modafinil. It is a long-acting wake-
fulness-promoting agent used in the treatment of somnolence
from obstructive sleep apnea (OSA). Although its precise
mechanism of action is still to be characterized, it is probably
linked to an increase in monoaminergic transmission com-
bined with an enhanced GABAergic inhibition. Studies con-
ducted in OSA patients evaluated the PACU length of stay
rather than the emergence time and, however, showed no
advantages in the intervention group (200 mg of modafinil
before anesthesia) compared to placebo.*®

In preclinical investigations, caffeine also offered
important prospects for accelerating awakening from
anesthesia.*’ In a recent RCT, Fong et al demonstrated
that in healthy individuals (n = 8) anesthetized twice with
1.2% isoflurane for 1 hour, the intravenous administration
of caffeine citrate (15 mg/kg) during the final 10 minutes
of each session, induced a significant (p =0.002) reduction

in awakening times (42%) compared to placebo.*
Although other studies on the subject are ongoing
(NCTO03577730), the results have not yet been posted.

Other compounds that could be used are dextroampheta-
mine and atomoxetine, physostigmine, and nicotine. However,
only preclinical evidence is currently available.** '

The research aimed at identifying strategies for active
awakening must necessarily overcome a fundamental gap
represented by the evidence that mechanisms that regulate
the emergence phase are manifold. Probably, acting
through different agents strengthening different arousal
networks could lead to more satisfying results.

Conclusions

The delayed recovery of consciousness during anesthesia
constitutes an important challenge for anesthesiologists
who must quickly evaluate the possible causes and imple-
ment therapeutic strategies. Pending drugs that can promote
“active” awakening, prevention is the best strategy, using
intraoperative monitoring and designing safe anesthesia.
When the complication has occurred, a careful evaluation
of the possible causes can allow a rapid resolution of the
problem. In particularly rare cases, because the problem can
be due to a serious neurological injury, a diagnostic deepen-
ing is necessary. Finally, further research is needed for
evaluating the effectiveness of drugs that can actively induce
awakening from anesthesia.
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